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Abstract 
The southern Mediterranean region being one of the most dry and water scarce regions in 
the world.  It is also expected that by 2025, due to population increase, the regional 
average water availability is projected to be just less than 500 cubic meters per person per 
year. Many countries in the region are mining groundwater, a temporary and risky 
expedient. The extended reuse of reclaimed (treated) wastewater could contribute 
considerably to the reduction of ‘water stress’ and ‘water scarcity’ in the Mediterranean 
countries as part of an Integrated Water Resources Management (IWRM) approach, 
focusing on the component wastewater reuse for irrigation and other purposes. The 
present article deals with the experiences carried out in Morocco in this domain. In spite 
of the progress that has been achieved in the last decade on technical, institutional, 
financial and legislative levels as regards the development of the process "sewage 
network-treatment-re-use", obstacles still hinder the deployment of the re-use of treated 
wastewater. In the current state of affairs, no project integrating the three components has 
been realized. This paradoxical situation is due to several constraints. 
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INTRODUCTION 
The Mediterranean region is characterized by the limited and irregular availability of water 
resources, both in time and in space. The region accounts for 10% of the world population with 
renewable water resources of less than 1000 m3 water/inhabitant/year (Hamdy and Lacirignola, 
2005). Water resources in the Mediterranean region are irregularly distributed in both time and 
space. 76% of precipitations and 85 % of renewable resources for the Mediterranean basin are 
concentrated in the Northern Mediterranean countries including turkey. The southern part of the 
Mediterranean basin is the most suffering from water scarcity (AQUASTAT, 2012).  
 
The continuous growth in urbanization, tourism, irrigation and population increases tensions 
among sectors and causes conflicts in many countries and in regions where consumption has 
already reached or exceeded the amount of available water resources (Simonet, 2011). The 
Mediterranean countries are also, the most vulnerable to global climate change. Studies have 
shown that the people of the Mediterranean can expect more forest fires and loss of agricultural 
land than any other region in the world.  In the future, the region is expected to deal with more 
frequent and severe water shortages (Senatore et al., 2011; García-Ruiz et al., 2011). 
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POTENTIAL OF TREATED WASTEWATER REUSE IN THE MEDITERRANEAN 
REGION 
Globally, demands on freshwater resources are increasing due to population growth, increased 
per capita consumption, and the demands of the industrial and agricultural sectors. Greater 
water consumption is directly associated with increased wastewater generation that requires 
adequate treatment to prevent health risks and environmental degradation. Recently, the 
development of reclaimed domestic wastewater reuse projects has emerged as a potential non-
conventional resource to satisfy the increasing demand for water (Choukr-Allah and Hamdy, 
2004). In the Mediterranean basin, wastewater has been used as a source of irrigation water 
for centuries (MWRWG, 2007). In addition to providing a low cost water source, the use of 
treated wastewater for irrigation in agriculture combines three advantages. First, using the 
fertilizing properties of the water (fertigation) eliminates part of the demand for synthetic 
fertilizers and contributes to decrease the level of nutrients in rivers (Singh et al., 2011; Ribasl 
et al., 2010; Hussain and Al-Saati, 1999). Second, the practice increases the available 
agricultural water resources and third, it may eliminate the need for expensive tertiary 
treatment (Angelakis et al., 1999). However wastewater use poses serious risks to human 
health and the environment (Ganoulis, 2012; Iglesias et al., 2011). These risks arise from the 
occurrence of a great variety of microbial pathogens (Kayikcioglu, 2012) and chemical 
pollutants (Al Salem, 1996) in wastewater. However, the various existing national guidelines 
on wastewater reuse tend to focus mainly on risks from pathogens and there is little mention 
of other trace pollutants (Angelakis et al., 1999; Marecos do Monte et al., 1996). 
According to (Choukr-Allah, 2012a), Wastewater produced (WWP) quantity in the 
Mediterranean region is equal to 35 109m3 yr-1, about 64% of wastewater produced is treated 
(WWT) and only 18% is reused (WWR). This numbers indicate that there is a big potential of 
wastewater reuse in the Mediterranean region. 
Table 1 Volumes of wastewater produced treated and reused  
Country Wastewater produced 106 m3 yr-1 
Year of 
WWP 
Wastewater 
treated 
106 m3 yr-1 
Year of 
WWT 
Reuse of treated 
wastewater 
106 m3 yr-1 
Year of 
WWR 
Algeria 820 2011 700 2011 26 2011 
Cyprus 24.0 2005 22.4 2005 25 2008 
Egypt 4930 2008 2971 2001 2971 2001 
France 7910 2004 7200 2004 410.9 2004 
Greece 719 2000 450 2000 7.3 2008 
Israel 450 2005 283 2005 280 2008 
Italy 7731  2400 2004 270.6 2008 
Jordan 82 2010 74 2010 70 2010 
Lebanon 249 2001 4 1990 2 1991 
Libya 546 1999 110 1999 40 1999 
Malta 19 2003 22 2006-7 9.5 2008 
Monaco 7.3 2009 6.02 2009 0 2009 
Morocco 700 2011 177 2011 80 2007 
Palestinian territories 50  26.9 2004 10 1998 
Slovenia 168.5 2009 115.3 2009 6.9 2009 
Spain 5204.4 2007 4515.6 2008 525.5 2008 
Syria 825 2002 550 2002 550 2002 
Tunisia 240 2001 215 2006 33.8 2001 
Turkey 4289 2008 2484 2008 1000 2006 
Source: (Choukr-Allah, 2012a)
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OPTIMAL STRATEGIES OF WASTEWATER REUSE 
Contamination of crops and risks to farm workers vary depending on the method used to apply 
irrigation water. The most hazardous option is spray irrigation, followed by general inundation of 
the area to be irrigated. Ridge and furrow irrigation reduces risks to some extent but the best 
irrigation option from a health point of view is allow water to drip from pipes laid along the 
ground (Mojiri and Amirossadat, 2011; Pereira et al., 2002). Drip irrigation is also advantageous 
in that it minimizes the amount of irrigation water required and health risks to farmers and 
product consumers due to contact with the wastewater. The performance of drip irrigation 
systems using wastewater is mainly limited by emitter clogging, and this discourages farmers 
from introducing it (Puig-Bargués et al., 2005; Palacios-Díaz et al., 2009). The best option of 
treated wastewater reuse is that adopted in landscape and golf courses irrigation especially they 
are considered as big consumers of water in tourist areas particularly demanding in water 
resources during summer. The irrigation of public parks, schools yards, highway, for fire 
protection and toilet flushing in commercial and industrial buildings (Schaefer et al., 2004; 
Choukr-Allah and Hamdy, 2004; Sengupta, 2006). Using treated wastewater also to irrigate non-
food crop as forage, pasture and ornamental crops or to irrigate industrial crop can be a good 
option since the final product of those crops will not destined directly to human consumption but 
it will be subjected first to industrial transformation eliminating all pathogenic risks (Choukr-
Allah and Hamdy, 2004; Schaefer et al., 2004; Sengupta, 2006; Kalavrouziotis and 
Apostolopoulos, 2007). Irrigation of perennial crops and cereals with wastewater is widely 
practiced in many areas. Using drip irrigation to irrigate those crops can be the best option to 
reuse wastewater since the health risks is minimized because of the consumed part in the plant is 
generally higher and far of drippers and cereals grains are subjected to transformation which 
eliminates contaminations (Angelakis et al., 1999; Kalavrouziotis and Apostolopoulos, 2007; 
Nassar and El-Korashey, 2003; Salgot et al., 2006). 
Cooling systems and construction sector are major water consumers in many industries; 
therefore, using reclaimed wastewater for this purpose may bring considerable saving in fresh 
water consumption (Choukr-Allah and Hamdy, 2004; Ammary, 2007; Peng et al., 1995). Using 
reverse osmosis membrane for treating wastewater or desalinating saline water produced clean 
boiler feed water which can be used for multiple industrial purposes (Liu et al., 2008; Koo et al., 
2011; Bill et al., 2008). Wastewater could be also for environmental issues such as pod and lakes 
recreation, creating artificial wetland and also stream flow augmentation (Sengupta, 2006). 
Wastewater can be used for aquaculture to produce both fish and aquatic plants and there are a 
number of models that can be adapted to suit individual situations and resources (Liu et al., 
2007; El-Gohary et al., 1995; Sengupta, 2006). Aquifer recharge is also a practical key solution 
to reuse treated wastewater (Van Oorschot and French, 1996; Salgot et al., 2006). This operation 
can be made by 2 options, by surface infiltration basin or by borehole injection. The last option 
was shown more efficient (Van Oorschot and French, 1996). 
THE REUSE OF WASTEWATER IN MOROCCO  
Since the 1960.s, Morocco has largely contributed to the mobilization of its hydraulic capacities 
in order to face the demographic increase and sustain its social and economic development. 
Nonetheless, and in addition to the continuation of the efforts directed to mobilization, and the 
control of demand, the limited hydraulic potential requires Morocco to resort to unconventional 
resources (wastewaters and brackish waters). Due to the more and more pronounced hydraulic 
deficit, the use of treated wastewaters in irrigation is necessary for conservation of water 
resources. Moreover, the experience of Morocco in this domain has proved the feasibility of the 
reuse procedure (Choukr-Allah, 2005). In addition, farmers have already resorted to raw 
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wastewaters in areas where these waters are available close to agricultural lands. This is 
supported by the increasing demand for food, which is easily sold due to the proximity of the 
urban areas. 
At present, about 700 million m3 of raw wastewaters are discharged in the receptor milieu. 
Around 60% are discharged to sea; the remaining quantity is divided between draining-off of 
surface waters that represent the major part and a reuse operation concerning more than 7000 ha 
(Choukr-Allah, 2012b). The continuation of these discharges may lead to a deep degradation in 
the water resources and dangerous consequences on the potable water supply for many regions 
of the country. In parallel, continuing the reuse of raw wastewaters may have serious impacts on 
public health (Choukr-Allah and Hamdy, 2004). 
In the last three decades, the annual volume of wastewaters has almost tripled. It has increased 
from 48 in 1960 to 500 million m3 in 1999. It is expected that this volume may reach about 900 
million m3 in 2020 (Choukr-Allah, 2005). The trend in urban wastes generated is presented in 
Fig. 1. 
 
Figure 1: Trend of wastewater production in Morocco (Choukr-Allah, 2005) 
The main factors that contribute to this increase are: 
• The increase in the urban population by a rate that varies from 4.4 to 5%; 
• The increase in the rate of the potable water network in urban areas, which has moved 
from 53% in 1972 to 79% in 1993 and to 85% in 2000; 
• The increase in the rate of sewerage network which has reached 75% in big cities in 
1999, and; 
• The increase in the water consumption per capita. This increase jumped from 85 to 116 
liters per inhabitant per day in the period between 1972 and 1992. 
 
 
 
The reuse options 
Artificial recharge of the aquifer  
The treated wastewater is used to recharge the aquifer in the Gharb region (North-West of 
Morocco) in order to cope with the sea water intrusion due to overexploitation of groundwater 
(El Oualja, 2013). In Agadir city the treated wastewater in Ben Sergao station is used for the 
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artificial recharge of the aquifer using an amount of about 10 Mm3/year through filtration basing 
(Benzine, 2012) 
Industrial recycling 
Treated wastewater is recycled for some industrial process purpose in the Sidi Yahia Gharb 
region especially in the cooling. This project is realized by the ONEP (Office National d’Eau 
Potable). 
Sylviculture 
In the Kenitra Region the treated wastewater is used to irrigate trees (Eucalyptus) in the forest in 
order to fix the dunes and produce wood. It is also used to irrigate pastures in the zones where 
livestock activity is dominant (El Oualja, 2013).  In the Ait Melloul city (Agadir region) there is 
a possibility to irrigate 400 ha of Argania forrest using about 4 Mm3/year of treated wastewater 
generated by the M’zar station (Benzine, 2012)  
Golf courses and Landscape 
In the Ben Slimane city the wastewater plant treats about 5600 m3/day until the tertiary level. 
The treated wastewater is used to irrigate a golf course with an area of about 100 km by sprinkler 
irrigation and supplying about 308 kg of Nitrogen. This allows a saving of about 3000 to 5000 
m3/day of water and 2 DH/m3 (0.2 Euro/m3) of costs in case of using fresh water.  The reuse 
should be oriented to demand-driven planning of reuse projects, and commitment to the reuse. A 
good example is illustrated by the partnership between the water distributor agency of Marrakech 
(RADEEMA), the state of Morocco, and the 24 golf owners. The Agency will contribute up to 
46.7 million US dollars, the golf course owners with 36.7 million US dollars and state with a 
subsidy of 16.1 million US dollars. The plant will allow the production of 24 million m3 of 
tertiary treated wastewater to be used for the irrigation of these golf courses (Choukr-Allah, 
2013). In Agadir city there is about 500 ha of golf course where a quantity of 20 Mm3/year of the 
treated wastewater can be valorized , currently only the Golf de l’Océan (90 ha) who is using 
treated wastewater as source of irrigation water. There is also about 576 ha of landscapes for 
which 8 Mm3 of treated wastewater could be supplied (Benzine, 2012). 
Agriculture 
In the Drarga city (Agadir region) the treated wastewater is used to irrigate about 16 ha of some 
cereals, forage and vegetable crops using the drip irrigation system. This practice allows a saving 
of about 120 to 361 Euros/ha in terms of fertilizer and 61 to 150 Euros/ha in terms of water use. 
Generally the yield of irrigated crop was doubled.  This indicates that the use of unconventional 
water allowed getting higher water use efficiency without decrease in yield. As matter of fact, 
yields were higher for plants irrigated with treated wastewater (table 2). The increase of yield for 
plants receiving 20% more water is mainly due to more supply of nitrogen and lower salinity in 
the roots zone. The water use efficiency was significantly different between treated wastewater 
and saline well water. Water use efficiency was the highest for the plants receiving treated 
wastewater at 120% ETM (Choukr-Allah and Hamdy, 2003).  
Table 2 Response of several crops to irrigation using treated wastewater 
Chrysanthemum Zucchini Egg plant Maize 
Bread 
wheat 
Durum 
wheat Treatments 
Flower/plant Kg/plant Kg/m² Qx/ha Qx/ha Qx/ha 
Control* 69 1.29 3.17 12.43 5.107 0 
Treated wastewater 80 2.18 3.41 12.62 48.69 31.83 
Source: (Choukr-Allah and Hamdy, 2003) 
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* In the case of vegetable and flower control correspond to well water with added fertilizers and for cereals control 
correspond to rainfed conditions. 
In the Tiznit city (South of Agadir), the wastewater treatment plant treats about 5000 m3/day. 
This quantity of water is used to irrigate about 430 ha of olive, wheat, barley, alfalfa, faba bean 
and bean using drip irrigation (Benzine, 2012). 
The treated wastewaters contain fertilizing elements and allow the farmer to save fertilizes 
inputs. The Table 3 is based on the performances obtained in Ouarzazate and Ben Sergao 
projects (Choukr-Allah, 2005). 
Table 3 Economic gain from treated wastewaters irrigation 
Crops Net gain of water 
(DH/year.inhab)* 
Benefit in fertilizers 
(DH/year.inhab)** 
Total Benefit 
(DH/year.inhab) 
Tender wheat 750 1492 2242 
Unground corn 1588 3614 5202 
Fodder corn 1568 3572 5140 
Clover (Berseem) 774 1539 2313 
Zucchini 677 1545 2222 
Marrow 611 1216 1827 
Tomato 1553 3542 5095 
Potato 940 2140 3080 
Source: (Choukr-Allah, 2005) 
*Calculated on the basis of pumping water of Sous Massa (0.7 DH/m3) and of the selling price of treated 
wastewaters (0.5 DH/m3). 
** Calculated on the basis of the total value of fertilizing elements in treated wastewaters. 
Irrigation Techniques 
Numerous irrigation methods have been tested in the pilot projects. These include flood, furrow, 
sprinkler, and drip irrigation. In Morocco, most of the problems encountered were not linked to 
the irrigation method but rather to the irrigation scheduling, which should take into consideration 
the quality of treated wastewaters generally loaded with salt (Ouarzazate) and with nitrogen 
(Case of BenSergao). In Bensergao plant, it was proved that the choice of a good drip system 
might significantly improve the distribution of wastewaters at the level of the plot. Also, it is 
necessary to set up a double filtration system (sand and filter screen) to avoid the clogging of the 
drip system (Choukr-Allah, 1993). 
Valorization of the Residual Sludge 
The experiences conducted in the reuse of residual sludge have been less developed than those 
conducted on the reuse of treated wastewaters. Meticulous tests have been carried out in 
Ouarzazate and Bensergao. In Ouarzazate, the sludge emanating from the drying beds have given 
satisfactory results. In an agronomic experience concerning the cultivation of the Italian Ray 
Gras, the increase of dry products was by 200%. No heavy metal accumulation was found in 
neither the soil nor in the plants. In the case of Ben Sergao, the sludge was composted and used 
for the organic enrichment of two grass species. The height and production parameters of the dry 
materials have been significantly improved. The composting operation allowed the total drainage 
of the sludge, and thus wiped out any risk of biological contamination (Choukr-Allah, 1994). 
Legal aspects 
In Morocco, the legal statute of water was instituted in several phases. The legislative 
intervention through the creation of the new legal regulations in the field of water goes back to 
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the period of the French Protectorate in Morocco. Several texts were adopted in this respect, 
mainly: 
• law of July 1, 1914 (repealed by the new law on water) supplemented by the law dated 
November 8, 1919 on the public domain which institutes the principle of water and its 
sources as public domain. 
• law and ministerial decree of August 1, 1925 (repealed by the new law on water) relative 
to the regulation of water, modified by the laws of July 2, 1932, March 15, 1933, 
September 18, 1933 (repealed by the new law on water), of October 9, 1933, July 25, 
1939, and September 24, 1952. 
This old legislation ceased to correspond to the country’s modern organization and could no 
longer meet the needs for its socio-economic development, which required the creation of a 
modern regulation of water through the adoption of law No: 1-95-154 of 18 Rabii I 1416 
(corresponding to 16 August 1995) promulgation of the law No. 10-95 on water. This Law aims 
at the elaboration of a national water policy based on a forward vision that takes account of the 
evolution of resources and of national water needs. 
In the field of wastewater, this new Law 10-95 on water, in its chapter VI, regulates the reuse of 
wastewater and its texts constitute the legal basis of the institutional framework for reuse, in 
particular articles 51, 52, 56, 57, 59 and 84 (Choukr-Allah, 2005). 
Impact on Health 
Reusing raw wastewater is likely to imperil human health and to contaminate the environment. 
Indeed, wastewater can transport many pathogenic germs (parasitic, bacteria, viruses and fungi) 
that possess high resistance to the medium and can harm humans. Wastewater is therefore a 
significant transmitter of biological and chemical agents resulting from human and/or industrial 
activities. Agriculture that is irrigated with wastewater concentrates many infectious and toxic 
agents. In addition, it represents a medium for the proliferation of certain pathogenic agents 
emitted in human or animal waste. In addition, wastewater resulting from hospital discharge or 
other infected mediums may be a dangerous source of contamination (Ganoulis, 2012). 
Social and political aspects 
There are reservations related to the use the treated wastewater (which is often perceived as 
unclean). This is paradoxical when one considers the quantities of wastewater re-used in its raw 
state. Wastewater goes through a treatment station where the influx of raw wastewater is clearly 
visible. The origin of used water is thus known. There is therefore natural hesitation to consume 
fruit and vegetables irrigated with used water. In the region of Agadir, farmers whose products 
are exported to foreign markets are very reticent to use treated wastewater lest this compromises 
their markets (Choukr-Allah, 2005). 
CONCLUSION 
Although agriculture will remain the dominant user of water, in water-scarce countries intense 
competition for good quality water among the different water-use sectors is expected to reduce 
the amount of freshwater allocated to agriculture in the foreseeable future. Whatever the case, 
there should be no anxiety in any region of the world, including Southern Mediterranean region, 
about the availability of water for drinking and domestic use and for the needs of almost all of 
the industrial and service sectors. In fact, these sectors use less than 25% of the freshwater 
resources available.  This additional water resource is considered somewhat attractive, being 
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renewable and accessible in peri-urban areas, cheap source that be disposed-off, its quantity 
grows with the expansion of sanitation networks installed for urban or rural communities and 
being not affected by the climate change. The current overall contribution of treated wastewater 
to agriculture in Morocco could hardly exceed 4% of this sector demand of freshwater. This 
small percentage, however, should be reckoned with when drafting water master plans, not only 
for satisfying some irrigation requirements, but also for the fact that reuse of treated effluent is 
safe, feasible, and environmentally-sound method of wastewater disposal. Furthermore, for most 
arid and semi-arid countries, reuse of wastewater may have a greater impact on future usable 
sources of water than any of technological solutions available for increasing water such as water 
harvesting and desalination. 
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